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STRUCTURE AND METHOD FOR ENHANCED PERFORMANCE IN 
STRUCTURE semicqnductor SUBS TRATES 

FIELD OF THE INVENTION 

* nr P sent invention relate to the field 
Embodiments of the present inv 

articular, embodiments of the 
5 of semiconductor devices. In particular, 

, 4-« fhP Plectrical and thermal 
present invention relate to the electri 

resistances of semiconductor device substrates. 

BACKGROUND ART 
10 Prior Art FIG. 1 shows a general example of a 

semiconductor device 100. The semiconductor device 100 has a 

epitaxial layer US, and a second epitaxial layer 120. A 
nurtb er of active regions 125 are disposed in the second 

• 190 The active regions 125 contain circuit 
15 epitaxial region 120. The acciv y 

. ^ transistors or diodes that conduct electric 
elements such as transistor* u 

current and dissipate heat. Examples of transistors are 
bipol ar :unotion transistors ( «T.) . -tal-oxide field effect 
transistors (MOSFETs) , and function field effect transistors 



20 (JFETs) 



The bacx side m etal layer is co^only used to provide an 
electrical contact ,-nd, to the substrate 105 and to 
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provide a solderable surface tor mounting the device. For the 
semiconductor device 100, there is a thermal/electrical 
resistance R associated with the substrate 105. For vertical 
power devices such as field effect transistors (FETs, that 
5 utilize layer 110 as a source contact, the resistance R can 
be a significant fraction of the device on resistance R^-on. 

The resistance R can be reduced by reducing the 
thickness of the substrate 105. However, wafer handling 
10 considerations and electrical requirements limit the 

reduction in thickness that may be applied to the substrate 
105 and epitaxial layer 115. 

Prior Art FIG. 2A shows an example of a complementary 
15 metal-oxide semiconductor (CMOS) inverter circuit 200 

fabricated on a p-type substrate 205. A p-channel field 
effect transistor (PFET) 215 resides in an N-well 210 and is 
coupled to an n-channel field effect (NFET) transistor 220. 
The CMOS inverter circuit 200 is a basic building block for 
20 digital logic circuits. 

Prior Art FIG. 2B shows an equivalent circuit 201 that 
includes parasitic bipolar transistors Ql and Q2 that are 
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derived from the p-n junctions associated with the inverter 
circuit 200. During normal operation of the inverter 200 the 
parasitic transistors Ql and Q2 are off. However, if a 
transient voltage spike or other event produces a large 
5 current through IWrate, the voltage drop across IWrate will 
be sufficient to turn on Q2 and cause a current flow through 
R„eii- If the voltage drop across R we ii is large enough to turn 
on Ql, latchup occurs wherein a self sustained low resistance 
path between V dd and GND is produced. 



10 



Figure 2C shows 2C shows a schematic representation 202 
of the substrate bulk resistance IWrate associated with the 
equivalent circuit 201 of FIG 2B. The bulk resistance IWrate 
is distributed in the region between the N-well 210 and the 
15 NFET 220. In contrast to the resistance R of a vertical 

device, the resistance R subs trate is part of a lateral current 
path. 

Thus, in conventional semiconductor substrates there is 
20 frequently a bulk region that either contributes to 

undesirable resistance in operational electrical or thermal 
paths, or provides an additional current path with 
undesirable properties. 
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SUMMARY OF INVENTION 

Accordingly, embodiments of the present invention are 
directed toward an etched substrate structure that may 
augmented by conductive material to provide enhanced 
electrical and thermal performance, or aligned with die 
separation lines to facilitate die separation. 

In an embodiment of the present invention, a 
semiconductor device substrate comprising active regions 
defined on a top surface is masked and etched to define a 
pattern of blind features in a bottom surface of the 
substrate. A conductive material is then deposited on the 
surface of the blind features. The replacement of 
semiconductor material with the conductive material lowers 
the resistance between the active elements on the top surface 
and the bottom surface. 

In another embodiment of the present invention, a 
semiconductor device substrate comprising a circuit 
susceptible to latchup on a top surface is etched and 
metallized to reduce the substrate bulk resistance, thereby 
reducing the susceptibility to latchup. 
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in a further embodiment, a semiconductor substrate is 
provided with a pattern of grooves on a bottom surface. The 
pattern of grooves is positioned opposite to a scribe street 
pattern on the top side of the substrate. 

5 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Prior Art FIG. 1 shows a general schematic for thermal 
and electrical resistances in a semiconductor device 
5 substrate. 

Prior Art FIG. 2A shows an example of a semiconductor 
device that is susceptible to latchup. 

10 Prior Art FIG. 2B shows a schematic diagram for the 

device of FIG. 2A. 

Prior Art FIG. 2C shows a schematic representation of 
the substrate bulk resistance associated with the circuit of 
15 FIG 2B. 



FIG. 3A shows a semiconductor device substrate with 
partially filled blind features in accordance with an 
embodiment of the present invention. 

FIG. 3B shows a semiconductor device substrate with 
street-aligned grooves in accordance with an embodiment of 
the present invention. 



20 
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FIG. 4 shows a CMOS device with a reduced R SU bstrate i n 
accordance with an embodiment of the present invention. 

FIG. 5 shows a flow diagram for a method of decreasing 
the electrical resistance and/or thermal resistance of a 
semiconductor device substrate in accordance with an 
embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following detailed description of the present 
invention, a structure and method for enhanced performance in 
semiconductor substrates, numerous specific details are set 
5 forth in order to provide a thorough understanding of the 

present invention. However, it will be obvious to one skilled 
in the art that the present invention may be practiced 
without these specific details. In other instances well known 
circuits and components have not been described in detail so 
10 as not to unnecessarily obscure aspects of the present 
invention. 

FIG. 3A shows a semiconductor device 300 in accordance 
with an embodiment of the present invention. The active 
15 regions 125, epitaxial layers 115 and 120 are similar to 
those shown in FIG. 1. However, the substrate 305 has a 
number of blind features 315 that are coated with a 
conductive layer 310. 

20 In one embodiment, the blind features 315 are created by 

etching of the bottom surface 306 of the substrate 305 
through a mask. The blind features 315 are preferably etched 
using a wet chemical etch. The depth of the blind features 
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315 is typically less than or equal to the thickness of the 
substrate 305, being equal to the thickness of the substrate 
only when an epitaxial layer 115 or 120 is present. 

5 The blind features 315 may be grooves as shown, or may 

also be pits having a closed perimeter at the bottom surface 
306 of the substrate 305. The shapes and locations of the 
blind features 315 may be determined by the location of the 
active regions 125 and their electrical and thermal 

10 characteristics. 

For the device 300, the bottom surface 306 is a plane of 
electrical and/or thermal contact, with current or heat 
flowing from the active regions 125 through the substrate 305 

15 to the conductive layer 310. The material selected for the 

conductive layer 310 (e.g., aluminum) has a higher electrical 
conductivity than the semiconductor substrate 305, and thus 
is able to provide a lower resistance current path, even 
though the conductive layer 310 may not completely fill the 

20 blind features 315. 

The disparity in electrical conductivity between 
semiconductors and conductors is generally much larger than 
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the disparity in thermal conductivity. For example, the 
difference in electrical conductivity between aluminum and 
silicon can be several orders of magnitude, whereas the 
difference in thermal conductivity is about two or three. 

Although increased electrical and thermal conduction is 
generally desired, electrical conduction may be improved at 
the expense of thermal conduction in low power devices when a 
reliable thermal expansion match is difficult. A partially 
filled blind feature may improve electrical performance while 
degrading thermal performance. 

By using a wet chemical etch and an exemplary dimension 
of about 10 microns, the blind features 315 may be produced 
at a low cost using mature processing technology. The 
deposition of the coating 310 may be done using evaporation, 
sputtering, electroplating or other deposition technique. 

Semiconductor devices are frequently produced from 
3 wafers by scribing and breaking, sawing, or laser cutting. A 
street 320 is usually provided on a wafer to separate 
individual devices and provide sufficient separation of the 
active regions from the edge of the device. In the device 300 



LOVO-064/ACM/MDM 



the blind features 315 are removed from the street 320 in 
order to prevent unwanted fracture propagation. 

FIG. 3B shows a semiconductor device 301 with street- 
5 aligned grooves 325 in accordance with an embodiment of the 
present invention. In contrast to the blind features 315, the 
street-aligned grooves 325 are placed under the streets 320, 
and are used to facilitate the separation of individual 
devices from a wafer. The street-aligned grooves 325 reduce 
10 the amount of material that must be removed during cutting or 
sawing, and also help to direct fracture propagation along 
scribe lines. 

FIG. 3B also shows a conductive layer 311 that provides 
15 complete filling of the blind features 315. Complete filling 
of the blind features 315 may be done by depositing a metal 
or applying a filled polymer (e.g., silver filled epoxy). The 
use of a complete fill generally requires a closer matching 
of the thermal expansion characteristics of the substrate 305 
20 and conductive layer 311 than is required between the 
substrate 305 and coating 310. 
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The street-aligned grooves 325 are generally deeper than 
the blind features 315, and may be partially etched in a 
preliminary etch step before being etched along with the 
blind features 315. 

5 

FIG. 4 shows a CMOS device 400 with a reduced R subst rate in 
accordance with an embodiment of the present invention. The 
substrate 405 of the CMOS device 400 includes an NFET 220 and 
an N-well 210 containing a PFET 215 similar to those shown in 
10 FIG. 2C. The substrate 405 also includes a blind feature 415 
that replaces a volume of the substrate 405 that is 
associated with Rsubstrate • 

The surface of the blind feature 415 has a conductive 
15 coating 410a that provides a lower net R substra te that increases 
immunity to latchup in the CMOS device 400. In general, the 
blind feature 415 is preferably located in proximity to a 
parasitic transistor in order to obtain the greatest 
reduction in IWate- The coating 410a may be made of 
20 sufficient thickness to completely fill the blind feature 
415. The bottom surface of substrate 405 may also have a 
conductive coating 410. 
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FIG. 5 shows a flow diagram 500 for a fabrication method 
for decreasing the electrical and/or thermal resistance of a 
semiconductor device substrate in accordance with an 
embodiment of the present invention. The integrated circuit 
fabrication method applies to a semiconductor substrate or 
wafer that may comprise silicon, germanium, SiGe, or a III-V 
compound such as GaAs. 

At step 505, a street mask is applied to the back side 
of the semiconductor wafer. The street mask provides openings 
through which a pattern of grooves may be etched opposite the 
scribe streets on the front side of the wafer. Step 505 is 
optional. The street mask may be combined with the blind 
feature mask for etching, with a blind feature mask being 
used to block out filling of the street grooves. The combined 
mask may be used to reduce the overall number of masks 
required for patterning. 

At step 510, the street groove pattern is etched to a 
fraction of its ultimate depth. The etch is preferably 
performed using a wet chemical etch. Since the street groove 
pattern is intended to be mechanically weak to aid in 
separation of finished devices, the street groove pattern is 
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typically deeper than the subsequently etched blind feature 
pattern. 

At step 515, a full mask is applied to the back side of 
5 the wafer. The full mask has openings for the street groove 
pattern, if previously etched, and a pattern of blind 
features. At step 520, the wafer is subjected to a second 
etch. The second etch is also preferably a wet chemical etch. 

10 A step 520, a conductive material is applied to the 

surfaces of the blind features etched in step 515. The 
conductive material may provide a partial fill or a complete 
fill of the blind features. The conductive material may be a 
metal or a filled polymer with an electrical conductivity or 

15 thermal conductivity that is greater than that of the 
semiconductor wafer. 

The foregoing descriptions of specific embodiments of 
the present invention have been presented for purposes of 
20 illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms 
disclosed, and obviously many modifications and variations 
are possible in light of the above teaching. The embodiments 
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were chosen and described in order to best explain the 
principles of the invention and its practical application, to 
thereby enable others skilled in the art to best utilize the 
invention and various embodiments with various modifications 
5 are suited to the particular use contemplated. It is intended 
that the scope of the invention be defined by the Claims 
appended hereto and their equivalents. 
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